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The Neural Dynamic Activity in Children With Autism Spectrum Disorders  
During the Observation / Execution Tasks 
Tse Chui Ki, Wendy 
Abstract 
Autism Spectrum Disorders (ASD) are largely characterized by deficits in imitation and 
social communication, some researchers explained hMNS dysfunctions may contribute to 
these deficits. This study compared the hMNS activities during observation and execution 
tasks between 8 children with ASD and 8 normal children using electroencephalography. 
Results revealed that children with ASD did not show significantly greater power suppression 
during execution than during observation, as observed in normal children. Moreover, both 
groups showed similar degree of suppression during observation of static and goal-directed 
actions. This suggested that children with ASD possess some hMNS functioning but their 
hMNS may operate somehow differently during execution. However, the notion that children 
with ASD may have impairments in understanding others‟ motor intentions remains unclear. 
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The Neural Dynamic Activity in Children With Autism Spectrum Disorders  
During the Observation / Execution Tasks 
Introduction 
Autism Spectrum Disorders (ASD) is a type of neurodevelopmental disorder 
characterized by deficits in social and communication skills, as well as stereotyped and 
repetitive patterns of behaviors under DSM-IV-TR (American Psychiatric Association, 2000) 
and ICD-10 (World Health Organization, 2007). One of the prominent features encountered 
by children with ASD is imitation deficits which can be contributed by the impairments in 
self-other matching (Williams, Whiten & Singh, 2004). Stern (as cited in Williams et al., 
2004) described self-other matching as the ability to create social representations of self and 
others, and process the relationships between them. Impairments in self-other matching may 
lead to deficits in affective, social and communicative skills, in addition to impairments in 
imitation (Williams et al., 2004).  
Lepage and Theoret (2006) pointed out that the action observation-execution matching 
system forms the neural basis of self-other matching ability. They found that observation of 
others‟ movement and self execution of the same movement elicit similar pathways of 
activation in the human brain. Action observation-execution matching may rely on the mirror 
neuron system, which was first discovered by Rizzolatti and Craighero (2004). They found 
that a group of cells located in the monkey‟s premotor cortex were activated when a monkey 
performed an action and when it observed a similar action performed by others. This group of 
respondent cells is known as mirror neurons.  
Similar mechanisms in the human brain were revealed by various technologies, 
including electroencephalography (EEG), magnetoencephalography (MEG), and functional 
magnetic resonance imaging (fMRI) (Rizzolatti & Craighero, 2004). The human mirror 
neuron system (hMNS) is responsible for the mapping between the movements of self and of 
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others, and is important for the inferencing skills of others‟ intentions and objectives of 
actions (Hamilton & Grafton, 2006). Therefore, the hMNS is suggested to be an important 
component in the action observation-execution matching system. Action of this system is 
assumed to underlie the imitation of observation and social understanding (Rizzolatti & 
Craighero, 2004). In line with this idea, abnormalities in the hMNS may contribute to the 
imitation deficits in children with ASD. In addition, since hMNS abnormalities may also lead 
to impairments in understanding of others‟ actions and thoughts, this may in turn cause 
deficits in social skills in ASD, including poor theory of mind skills (Hamilton, Brindley & 
Frith, 2007; Williams et al., 2004).  
In recent years, electroencephalography (EEG) was well adopted by many researchers 
to investigate the hMNS functioning in various populations. Fecteau et al. (2004) recorded 
the EEG signals in a 36-month-old child with epilepsy when she drew with her right hand, 
watched the researcher drawing with his right hand and in the resting condition. They 
discovered that the EEG power decreased significantly in the alpha band (7.5 - 12.5 Hz) over 
the sensorimotor areas during observation and execution of hand movements with reference 
to the resting condition. Pineda (2005) pointed out the alpha band under investigation 
includes the mu frequency, which is believed to reflect sensorimotor activities in the 
frontoparietal areas. Therefore, the mu rhythm is considered to be a measure of hMNS 
functioning. When one observes and performs actions, the mirror neurons fire and 
desynchronize, resulting in inhibition of the mu rhytum. 
A study which investigated the hMNS activities of the high-functioning ASD adults 
supports the hypothesis that the individuals with ASD have hMNS dysfunction (Oberman et 
al., 2005). This study compared the EEG oscillations over sensorimotor cortex (C3, CZ and 
C4) in the mu frequency (8 – 13 Hz) during execution of hand movements, observation of 
hand movements and bouncing balls with reference to the baseline condition. Results showed 
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that the normal group demonstrated significant mu suppression in moving hand and watching 
hand conditions whereas the ASD group demonstrated significant mu suppression in the 
moving hand condition only. This indicated that the hMNS functions differently in 
individuals with ASD as they failed to demonstrate significant mu suppression during 
observation of hand movements. On the other hand, both groups did not show significant mu 
suppression when watching the videos of bouncing balls. This supports the notion that the 
hMNS activities are only activated by biological actions such as hand movements, but not by 
non-biological actions such as bouncing balls (Rizzolatti & Fadiga, 1998).  
In contrast, other researchers suggested that children with ASD may not have global 
hMNS impairment and still possess certain degree of hMNS functioning (Hamilton et al., 
2007). In their study, the children with ASD showed rather intact abilities in action 
understanding and imitation. In line with this argument, another study also found the 
existence of mu suppression in both of the observation and self-execution conditions in 
children with ASD (Raymaekers, Wiersema & Roeyers, 2009). Their experiment followed the 
paradigm of Oberman et al. (2005) but was done on a larger size of participants with a 
smaller age range (8 to 13 years). They suggested that their conflicting results were due to the 
differences in the sample size, age range of participants in their studies as well as the 
heterogeneous nature of the ASD population.  
Other researchers proposed that two components of information (what the motor action 
is and why the motor action is performed) are transmitted to the observer during action 
observation (Fabbri-Destro, Cattaneo, Boria & Rizzolatti, 2009). To understand the 
what-component, the observed motor action is matched onto the observer‟s motor system. 
The understanding of the why-component involves the chain-based mirror mechanism which 
consists of a group of action-constrained mirror neurons (Fogassi et al., 2005). The 
action-constrained mirror neurons fire when one observes an action and the observed action 
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is succeeded by an intention that is usually in connection with the action (Puzzo, Cooper, 
Vetter & Russo, 2010).  
The findings of various studies suggested that individuals with ASD may demonstrate 
impairments in understanding others‟ motor intentions due to the deficits in the chain-based 
mirror mechanism (Cattaneo et al., 2007; Fabbri-Destro et al., 2009). A recent study also goes 
along with this hypothesis. The study compared the hMNS activities in normal adults with 
high and low Autistic Quotients (AQs) during observation of static hand and goal-directed 
hand motions, for example, cutting paper with scissors and clicking fingers (Puzzo et al., 
2010). They investigated the event-related desynchronization (ERD) in the alpha band (8 - 12 
Hz) and low beta band (12 – 20 Hz) of frequencies. The individuals with high traits of autism 
demonstrated intact abilities in transmitting the information about what they observe to the 
motor cortex, as revealed by the greater alpha and low beta ERD during observation of 
goal-directed hand actions than static hand over the primary motor cortex (C4, C1, CZ, C2 
and C4). However, they may manifest deficits in the chain-based mirror mechanism and 
hence they failed to understand why the observed hand actions are performed. They may fail 
to differentiate between the motions with motor intentions (hand actions) and those without 
motor intentions (the static hand). Therefore, the pre-motor cortex and supplementary motor 
area (SMA; FC3, FC1, FCZ, FC2 and FC4) received similar degree of activations, as 
indicated by low beta ERD, during observation of these two types of stimuli. 
Since conflicting results were found regarding whether individuals with ASD have 
hMNS dysfunction (Oberman et al., 2005; Raymaekers et al., 2009), the present study will 
investigate whether this hypothesis is applicable to the Hong Kong population. Furthermore, 
although the study done by Puzzo et al. (2010) supports the hypothesis that individuals have 
ASD may demonstrate impairments in understanding others‟ motor intentions, its findings 
were based on the normal adult populations. Therefore, the present study will investigate the 
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chain-based mirror mechanism in children with ASD and normal children.  
To sum up these arguments, we propose two hypotheses: 1) children with ASD may not 
have global hMNS impairment and still possess certain degree of hMNS functioning; 2) 
children with ASD may demonstrate impairments in understanding others‟ motor intentions 
due to the deficits in the chain-based mirror mechanism. Therefore, we predict that children 
with ASD and normal children will not demonstrate significant differences in hMNS 
activities during both observation and execution of hand movements. Moreover, children with 
ASD will demonstrate greater magnitudes of mu and low beta ERD over the primary motor 
cortex during observation of hand movements than static hand observation, but they will 
show non-significant differences in low beta ERD over the pre-motor cortex and SMA during 
observation of static hand and hand movements.  
The objectives of this study are to investigate 1) the functioning of the hMNS in 
observation-only and observation-and-execution conditions between children with ASD and 
normal children; and 2) the functioning of the hMNS during observation of static hand and 
goal-directed hand actions between children with ASD and normal children. 
 
Method 
Participants 
Nine children with ASD and eight age- and gender- matched normal children were 
recruited in the original sample. All participants were males. One participant with Autism was 
excluded due to the presence of excessive artifacts due to muscle movements. Therefore, the 
final sample included eight children with ASD and eight age- and gender- matched normal 
children. The participants‟ ages ranged from 75 to 143 months (ASD: M = 106, SD = 23.2; 
Control: M = 112, SD = 26.4). The ASD group consisted of 5 individuals diagnosed with 
Autism and 3 individuals diagnosed with Asperger‟s syndrome. All participants had 
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Intelligent Quotients (IQ) greater than 70, except that an individual in the ASD group was 
diagnosed with mild mental retardation by a clinical psychologist, having an IQ lower than 
70.  
The children with ASD were recruited from Project Aspire, Choi Jun School and Sha 
Tin Public School. Inclusion criteria were: 1) diagnosis of Autism or Asperger‟s disorder by a 
clinical psychologist based on DSM-IV (American Psychiatric Association, 2000); 2) 
chronological age between 6 and 12; and 3) ability to comprehend simple instructions. 
Exclusion criteria were 1) diagnosis of attention deficit/hyperactivity disorder (ADHD); 2) 
diagnosis of sensory or motor impairment; 3) history of psychosis disorder or severe head 
injury; 4) presence of any neurological impairments; 5) presence of any skin allergies; 7) 
consumption of any medications for depression; or 8) current onset or recovery from a cold 
or flu at the time of the experiment. 
Normal children were recruited from the local community. The inclusion criterion was 
having the chronological age between 6 and 12. Exclusion criteria were the presence of any 
developmental disorders, including diagnosis of ASD (or presence of autistic features), 
mental retardation and language delay; and others were the same as those in the ASD group.  
 
Stimuli 
Stimuli comprised of different gray video clips showing various goal-directed hand 
actions (including opening and closing hand with the fingers and thumb held straight, 
grasping a cup on the desk and cutting a piece of paper with scissors), static hand and visual 
white noise. All hand stimuli involved the right hand only. Each stimulus consisted of 1 - 
second fixation cross, 0.5 - second blank screen and 3 - second action presenting video. A 
blank screen of a random length within 3 seconds was displayed between two consecutive 
stimuli to avoid the expectancy effect. 
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Apparatus 
The E-prime 2.0 software (Psychology Software Tools, Inc.) was used to present the 
stimuli. EEG data were acquired from 21 electrodes using a standard 128 channel Quik-Cap 
(Neuromedical Supplies, Sterling, USA), at the following positions: F3, F1, F2, F4, FC5, FC3, 
FC1, FCZ, FC2, FC4, FC6, C3, C1, CZ, C2, C4, P3, P1, PZ, P2 and P4. The electrodes were 
located according to the International 10/20 System (Reilly, 2005). The mastoids (M1 and M2) 
were used as reference electrodes. The ground electrode was placed between Fpz and Fz and 
referenced to an electrode midway between Cz and Cpz. Horizontal eye movements were 
collected by HEOG channels placed at the outer canthus of both eyes. Vertical eye 
movements were collected by VEOG channels located above and below the orbital ridges of 
the left eye. Skin impedance level was lowered to at least 10 kΩ in all electrodes. EEG 
signals were acquired and analyzed using a Neuroscan Synamps2 system and SCAN 4.5 
software (Compumedics, USA). The sampling rate was set at 1000 Hz with a zero-phase shift 
band-pass of 0.05 to 100 Hz (12 d/B slopes).  
 
Procedure 
The participants were tested individually in a dark, acoustically and 
electromagnetically shielded chamber, with the accompaniment of the experimenter. The 
computer screen was placed approximately 130 cm away from the participants at the eye 
level. EEG data were collected during three conditions: 1) watching a video of moving and 
static hands: 10 blocks of stimuli were presented. Each block included three goal-directed 
hand action stimuli and a static hand stimulus. These stimuli were displayed randomly; 2) 
moving own hand: the scene of grasping a cup on the desk was displayed on the screen. 
Participants were instructed to imitate the grasping action with their right hands placed in a 
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comfortable distance at the eye level; 3) watching a video of visual white noise. To ensure 
participants‟ attentiveness, they were instructed to count the number of 
opening-and-closing-hand and white noise stimuli appearing on the screen during conditions 
1 and 3 respectively. A total of 40 trials were presented in each condition. All conditions 
lasted for 260 seconds and were presented twice. Short breaks were provided after each 
condition.  
 
EEG Data Analysis 
The acquired data were filtered using the high-pass filter at 0.5 Hz (12 d/B slopes) and 
the low-passed filter at 80 Hz (24 d/B slopes). All data were visually inspected for noise and 
artifacts. Eye blink, eye and head movements were identified in the HEOG and VEOG 
channels. EEG artifacts during these intervals were removed. Data were then segmented into 
epochs of 1800 ms in duration (from 0 ms to 1800 ms after the action onset). Next, the epoch 
data were decomposed by Independent Component Analysis (ICA) using EEGLAB v10 
(Swartz Centre for Computational Neuroscience, University of California, San Diego) and 
MATLAB 7.11.0 (the MathWorks, Inc.) software. The extreme values, abnormal trends, 
improbable data, abnormal distribution and spectra of the ICA components were rejected. The 
cleaned epoch data were then re-referenced to the mastoids (M1 and M2).  
Event-related desynchronization (ERD) in the mu frequency band (9 – 11 Hz) and low 
beta band (12 – 20 Hz) over different brain areas was computed. In current study, the 
frequency band of 9 – 11 Hz was selected as the individual‟s mu frequency band, because the 
2 - Hz bandwidth best resembles mu desynchronization (Babiloni et al., 1999). The brain 
areas under investigation included the pre-motor cortex and supplementary motor area (SMA; 
left: FC5, FC3 and FC1; right: FC2, FC4 and FC6), and the primary motor cortex (left: C3 
and C1; right: C2 and C4). The mu and low beta ERD were calculated as 10 times of the log 
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ratio of the EEG power between the watching static hand, watching moving hand, moving 
own hand conditions (experimental conditions; from 0 ms to 1600 ms after the action onset) 
and the watching white noise condition (baseline condition; from 0 ms to 1600 ms after the 
video onset), that is, 10log₁₀(experimental condition/baseline condition). The mean ERD over 
the chosen electrode positions in different brain areas was used as a measure of mu wave 
suppression. 
 
Statistical Analysis 
Two mixed factorial designs were adopted. In the first factorial design, 2 x 3 x 4 mixed 
ANOVAs were carried out. The between-subject variable was group (children with ASD and 
normal children). The within-subject variables were condition (watching static hand, 
watching moving hands and moving own hand) and brain area (left pre-motor cortex and 
SMA, right pre-motor cortex and SMA, left primary motor cortex, and right primary motor 
cortex). The dependent variables were mu and low beta ERD. In the second design, time was 
added to be a further within-subject variable in order to control the habituation effect during 
static hand observation (Puzzo, et al., 2010) due to the long duration of a static action 
presented (0 ms to 1600 ms from action onset was adopted for analysis). Therefore, time 
consisted of two levels, that is, the first half (0 ms to 800 ms from action onset) and the 
second half (801 ms to 1600 ms from action onset) of the static hand trials. 2 x 2 x 4 mixed 
ANOVAs with group (same as the first design) as the between-subject variable, time (the first 
half and the second half of trials) and brain area (same as the first design) as the 
within-subject variables were performed. The dependent variables were also mu and low beta 
ERD. While running ANOVAs, once Mauchly‟s test indicated the assumption of sphericity 
had been violated, degrees of freedom were adjusted by Greenhouse-Geisser estimates of 
sphericity. 
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The data of a participant in the ASD group were excluded from statistical analysis 
since his data were considered as outliners as indicated by values more than three standard 
deviations from the mean.  
 
Results 
Time-Frequency Analysis 
Figure 1 shows one-by one comparisons in the mean ERD between different groups 
and conditions at C1 (an electrode located at the left primary motor cortex) by Bootstrap 
methods after time-frequency analysis. The results at C1 were presented since it represents the 
typical trends shown at different electrodes. Figures (a) and (b) show similar degree of EEG 
power suppression (expressed in terms of log ratios) during static and moving hand 
observation in both groups. Figures (c) and (d) indicate greater suppression during moving 
own hand than during watching moving hand in both groups, and such differences were 
smaller in the ASD group than in the normal group. 
 
Habituation Effect of Static Hand Observation 
Two 2 x 2 x 4 mixed ANOVAs with group as the between-subject variable, time and 
brain area as the within-subject variables were carried out. Results revealed no main effect of 
time either using mu and low beta ERD as the dependent variable [mu ERD: F (1, 28) = 1.65, 
p = .21, ηp² = .056; low beta ERD: F (1, 28) = 3.76, p = .063, ηp² = .12]. However, a 
significant interaction effect between time and brain area was found in the mu band [F (2.15, 
60.17) = 6.11, p < .01, ηp² = .18]. A significant interaction effect was also noted between 
group and brain area in the low beta band [F (3, 26) = 3.13, p < .05, ηp² = .27].  
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               ASD Group                         Normal group 
 
 
Figure 1. Mean ERD/S comparisons between different groups and conditions at C1. 
Note: Different graphs show the mean ERD/S during different conditions: WSH = watching 
static hand, WMH = watching moving hands, and MOH = moving own hand. The vertical 
axis denotes the frequencies whereas the horixontal axis denotes the time. Different color 
shows the degree of EEG power suppression ( yellow = smaller suppression and blue = 
greater suppression). 
 
To further test the habituation effect, paired-samples t-tests were done to compare the 
mu and low beta ERD in the first and second halves of trials for each brain area, collapsed 
across two groups. Results indicated a significant time effect in the mu ERD over the right 
primary motor cortex (R/PMC) [t (29) = -2.12, p < .05]. There was a significant low beta 
ERD difference between the early and late trials over the left primary motor cortex (L/PMC) 
[t (29) = -2.33, p < .05]. The degree of suppression in the second half of the trials (mu ERD 
over R/PMC: M = -1.82, SD = 1.87; low beta ERD over L/PMC: M = -1.59, SD = 1.42) was 
(a) (b) 
(c) (d) 
WSH 
WMH 
WMH 
MOH 
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significantly smaller than that in the first half of the trials (mu ERD over R/PMC: M = -2.37, 
SD = 1.58; low beta ERD over L/PMC: M = -2.20, SD = 1.32). No significant differences 
were noted between the early and late trials over other brain areas (t’s (29) > -1.67, p’s > .11).  
Significance of mu Suppression 
Figure 2 presents the mu and low beta ERD during each condition over each brain area 
in the ASD and normal groups. This figure shows that the degree of EEG power suppression 
in both groups over all brain areas reached the maximum during the moving own hand 
condition, and the magnitudes of suppression were smaller during static and moving hand 
observation. 
  
  
Figure 2. Mean mu (9 – 11 Hz) and low beta (12 – 20 Hz) ERD during each condition over 
each brain area in the ASD and normal groups. 
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Note: The negative ERD values imply EEG power suppression (expressed in terms of log 
ratios) and larger bars indicate greater degree of suppression. The horizontal axis show 
different conditions: WSH = watching static hand, WMH = watching moving hands, and 
MOH = moving own hand. Colors of the bars represent different brain regions: blue = left 
pre-motor cortex and SMA, red = left primary motor cortex, green = right pre-motor cortex 
and SMA, and purple = right primary motor cortex.  
 
Paired-samples t-tests were done to compare the mu and low beta ERD with the 
baseline for each condition in each group. The results were summarized in Table 1. 
Significant EEG power suppression (expressed in terms of log ratios) in the mu and low beta 
bands with reference to the baseline was found for both groups during all conditions.  
Table 1. 
Results of Paired-Samples t-Tests which Compare the mu and low Beta ERD With the 
Baseline for Each Condition in Each Group. 
Condition 
 ASD group  Normal group 
 Mu ERD  Low beta ERD  Mu ERD Low beta ERD 
 t (63) p  t (63) p  t (55) p t (55) p 
WSH  -12.11 ***  -18.52 ***  -8.99 *** -10.26 *** 
WMH  -14.57 ***  -21.43 ***  -14.66 *** -16.73 *** 
MOH  -15.55 ***  -11.96 ***  -22.69 *** -24.78 *** 
Note: *** represents p < .001 
  WSH = watching static hand, WMH = watching moving hands, and MOH = moving  
own hand. 
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Mu Band (9 – 11 Hz) Analysis 
A 2 x 3 x 4 mixed ANOVA with group as the between-subject variable, condition and 
brain area as the within-subject variables showed a significant main effect of condition [F 
(1.60, 44.82) = 29.06, p < .001, ηp² = .51]. The two-way interactions between group and 
condition [F (2, 27) = 5.75, p < .01, ηp² = .30], as well as between condition and brain area [F 
(3.49, 97.64) = 21.42, p < .001, ηp² = .43] were also significant. Significant three-way 
interaction between group, condition and brain area was noted [F (6, 23) = 5.06, p < .01, ηp² 
= .57]. There were no significant main effects of group [F (1, 28) = .007, p = .93, ηp² < .001] 
and brain area [F (2.21, 61.84) = 1.88, p = .16, ηp² = .063], nor significant two-way 
interaction between group and brain area [F (3, 26) = .90, p = .45, ηp² = .094].  
To further test the condition effect, separate 2 x 3 mixed ANOVAs were performed for 
different brain areas, with group as the between-subject variable and condition as the 
within-subject variable. The results of these analyses are presented in Table 2.  
Table 2. 
Results of Separate Mixed ANOVAs for Different Brain Areas in the Mu Band, with Group as 
the Between-Subject Variable and Condition as the Within-Subject Variable. 
Brain 
area 
 Group  Condition  Group x Condition 
 F (1, 28) p  F p  F (2, 27) p 
L/SMA  .032 .86  F (1.48, 41.32) = 26.13 ***  8.37 ** 
R/SMA  .20 .66  F (1.48, 41.54) = 9.28 **  1.83 .18 
L/PMC  .18 .67  F (2, 27) = 38.00 ***  10.94 *** 
R/PMC  .029 .87  F (2, 27) = 17.36 ***  2.53 .098 
Note: ** represents p < .01, and *** represents p < .001 
L/SMA = left pre-motor cortex and SMA, R/SMA = right pre-motor cortex and SMA, 
L/PMC = left primary motor cortex, and R/PMC = right primary motor cortex 
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Further one-way ANOVAs with repeated measures were performed to compare the 
effects of condition among different groups over different brain areas. Significant condition 
effects were found over all brain areas in the normal group [L/SMA: F (2, 12) = 64.25, p 
< .001, ηp² = .92; R/SMA: F (2, 12) = 32.03, p < .001, ηp² = .84; L/PMC: F (2, 12) = 54.93, p 
< .001, ηp² = .90; R/PMC: F (2, 12) = 26.48, p < .001, ηp² = .82]. Pairwise comparisons with 
Bonferroni adjustment showed that the suppression in the mu band over all brain areas was 
significantly greater during moving own hand (M = -3.99, SD = 1.31) than during watching 
static (M = -1.76, SD = 1.46) and moving hands (M = -1.68, SD = .86) in the normal group. 
However, such mu suppression differences across different conditions were not significant in 
the ASD group over all brain areas [L/SMA: F (1.38, 20.76) = .95, p = .37, ηp² = .060; 
R/SMA: F (1.43, 21.43) = .60, p = .51, ηp² = .038; L/PMC: F (2, 14) = 3.62, p = .054, ηp² 
= .34; R/PMC: F (2, 14) = 2.50, p = .12, ηp² = .26]. 
To better understand where the difference between the two groups occurs, independent- 
samples t-tests were run on different conditions over different brain areas with group as the 
between-subject variable. This analysis revealed a significant difference in the mu ERD over 
the left hemisphere between the two groups when they moved their own hands [L/SMA: t (28) 
= 2.69, p < .05; L/PMC: t (28) = 3.39, p < .01], and no significant difference when they 
watched the static [L/SMA: t (28) = -1.75, p = .09; L/PMC: t (28) = -1.09, p = .29] and 
moving hands [L/SMA: t (28) = -1.63, p = .12; L/PMC: t (28) = -1.27, p = .22]. The degree of 
mu suppression in the ASD group [L/SMA: M = -2.81, SD = 1.54; L/PMC: M = -3.21, SD = 
1.58] was significantly smaller than the normal group [L/SMA: M = -4.09, SD = .97; L/PMC: 
M = -5.03, SD = 1.32] when they moved their own hands, and the two groups did not differ in 
the extent of mu suppression during observation of static and moving hands over the left 
hemisphere. No significant group differences were noted over the right hemisphere across 
different conditions [t’s (28) > -1.33, p’s > .20]. 
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Low Beta Band (12 – 20 Hz) Analysis 
A 2 x 3 x 4 mixed ANOVA was performed, with group as the between-subject variable, 
condition and brain area as the within-subject variables. Results showed a significant main 
effect of condition [F (1.25, 34.99) = 15.09, p < .001, ηp² = .35]. There were a significant 
two-way interaction between condition and brain area [F (3.49, 97.60) = 30.25, p < .001, ηp² 
= .52], and a significant three-way interaction between group, condition and brain area [F (6, 
23) = 4.78, p < .01, ηp² = .56]. No significant main effects of group [F (1, 28) = .095, p = .76, 
ηp² = .003] and brain area [F (2.15, 60.30) = 2.11, p = .13, ηp² = .070] were illustrated. There 
were no significant two-way interactions between group and condition [F (2, 27) = 3.16, p 
= .058, ηp² = .19], as well as between group and brain area [F (3, 26) = .17, p = .91, ηp² 
= .019].  
Separate 2 x 3 mixed ANOVAs were performed for different brain areas to further 
examine the condition effect, with group as the between-subject variable and condition as the 
within-subject variable. The results of the two-way ANOVAs are presented in Table 3.  
Table 3. 
Results of Separate Mixed ANOVAs for Different Brain Areas in the low Beta Band, with 
Group as the Between-Subject Variable and Condition as the Within-Subject Variable. 
Brain 
area 
 Group  Condition  Group x Condition 
 F (1, 28) p  F p  F (2, 27) p 
L/SMA  .005 .94  F (1.38, 38.55) = 12.25 ***  4.80 * 
R/SMA  .098 .76  F (1.20, 33.48) = 3.09 .082  .88 .43 
L/PMC  .20 .66  F (1.37, 38.22) = 33.69 ***  6.81 ** 
R/PMC  .073 .79  F (18.25, 40.72) = 12.55 ***  2.17 .13 
Note: * represents p < .05, ** represents p < .01, and *** represents p < .001 
L/SMA = left pre-motor cortex and SMA, R/SMA = right pre-motor cortex and SMA, 
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L/PMC = left primary motor cortex, and R/PMC = right primary motor cortex 
 
To compare the effects of condition among different groups over different brain areas, 
further one-way ANOVAs with repeated measures were run. Results revealed significant 
condition effects over all brain areas in the normal group [L/SMA: F (1.40, 18.21) = 28.03, p 
< .001, ηp² = .68; R/SMA: F (2, 12) = 20.36, p < .001, ηp² = .77; L/PMC: F (2, 12) = 49.88, p 
< .001, ηp² = .89; R/PMC: F (2, 12) = 35.03, p < .001, ηp² = .85]. The low beta suppression 
was significantly greater during moving own hand (M = -3.34, SD = 1.01) than during 
watching static (M = -1.66, SD = 1.21) and moving hands (M = -1.70, SD = .76) over all brain 
areas in the normal group, as indicated by the pairwise comparisons with Bonferroni 
adjustment. However, in the ASD group, there were no significant differences in the degree 
low beta suppression during different conditions over all brain areas [L/SMA: F (1.19, 17.90) 
= .51, p = .51, ηp² = .033; R/SMA: F (1.09, 16.31) = .10, p = .77, ηp² = .007; L/PMC: F (1.18, 
17.63) = 2.70, p = .11, ηp² = .15; R/PMC: F (1.13, 16.89) = 1.23, p = .29, ηp² = .076]. 
The difference between the two groups was further explored. With group as the 
between-subject variable, independent-samples t-tests were performed on different conditions 
over different brain areas. There was a significant difference in the low beta ERD over the left 
hemisphere between the two groups during the moving own hand condition [L/SMA: t (28) = 
t (28) = 2.15, p < .05; L/PMC: t (28) = 3.02, p < .01]. No significant group difference was 
found during watching static hand [L/SMA: t (28) = -1.94, p = .062; L/PMC: t (28) = -1.54, p 
= .13] and watching moving hands [L/SMA: t (20.41) = -.84, p = .41; L/PMC: t (28) = -1.25, 
p = .22] over the left hemisphere. The ASD group [L/SMA: M = -2.35, SD = 1.55; L/PMC: M 
= -2.74, SD = 1.59] showed significantly smaller degree of low beta suppression than the 
normal group [L/SMA: M = -3.33, SD = .78; L/PMC: M = -4.22, SD = 1.00] during the 
moving own hand condition, and the two groups demonstrated similar degree of low beta 
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suppression during observation of static and moving hands over the left hemisphere. There 
were no significant group differences over the right hemisphere during different conditions 
[t’s (28) < 1.47, p’s > .15]. 
 
Discussion 
The objective of the present study is to investigate whether children with ASD have 
hMNS impairment during observation and execution tasks using electroencephalography 
(EEG). Since the functioning of hMNS was obvious when observing and performing motor 
movements (Raymaekers et al., 2009), the observation and execution of hand actions were 
explored. Comparisons of suppression in the mu band (9 – 11 Hz) and low beta band (12 – 20 
Hz) between the two groups during different conditions were made as follows: watching 
moving hand and moving own hand; watching static hand and watching moving hands.  
 
Comparisons Between the Observation-Only and Observation-and-Execution Conditions 
Both children with ASD and normal children demonstrated significant mu and low beta 
suppression during moving own hand and watching moving hand conditions with reference to 
the baseline condition (watching visual white noise). The normal group showed significantly 
greater suppression of EEG power in the mu and low beta bands during execution of hand 
actions than observation of hand movements. However, children with ASD did not show such 
significant difference between the execution and observation conditions in both frequency 
bands. The degree of mu and low beta suppression in the ASD group was significantly 
smaller than that in the normal group during the moving own hand condition over the left 
hemisphere. Such significant differences between the two groups were not noted during 
watching moving hands over the left and right hemispheres. 
Both groups showed significant suppression during observation-only and 
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observation-and-execution conditions. This implies that the hMNS in both groups did show 
its functioning during observation and self-execution. In other words, the hMNS in children 
with ASD and normal children mapped the observed motion action onto their own motor 
system in both conditions. This finding is contrary to the results in Oberman et al. (2005)‟s 
study which demonstrated hMNS dysfunction in individuals with ASD due to a lack of 
suppression during moving hand observation. However, the findings of the current study go 
along with the results in Raymaekers et al. (2009)‟s study which showed significant 
suppression during observation and execution in children with ASD. In Oberman et al. 
(2005)‟s study, the participants are within the age range between 6 and 47 years (ASD group: 
M = 16.6, SD = 13.0; normal group: M = 16.5, SD = 13.6). Although their study did not find 
any relationships between age and hMNS activities (ASD group: r = -.05; normal group: r = 
-.08), another study illustrated a relationship between age and degree of suppression (ASD 
group: r = -.44; normal group: r = .02) (Raymaekers et al., 2009). This suggested that age 
appears to affect the degree of suppression in the ASD group, with greater suppression shown 
in an older age. Since the age range and mean age of participants in Oberman et al. (2005)‟s 
study are far above those in the current study, the current study is difficult to coincide with 
their findings. On the contrary, in Raymaekers et al. (2009)‟s study, the age range of 
participants is between 8 to 13 years, which is similar to that in the current study. Both their 
study and the current study support the notion that children with ASD still possess certain 
degree of hMNS functioning (Hamilton et al, 2007). 
Although children with ASD demonstrated generally greater suppression during 
execution of an action than during observation of an action, such differences were not 
significant. During the execution condition, the ASD group showed significantly smaller 
extent of suppression than the normal children over the left hemisphere. This finding conflicts 
with the results in Raymaekers et al. (2009)‟s study which indicated greater suppression 
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during execution than during observation in both the ASD and normal groups. In the current 
study, participants were asked to grasp a cup on the desk using their right hands during the 
execution condition. In order to imitate the action presented on the computer screen, the 
sensorimotor system receives activations to map the observed action within the system and to 
perform the action. Hence the normal children showed greater suppression during 
observation-and-execution than during observation-only conditions. The results may indicate 
that the hMNS in children with ASD somehow functions differently during execution of 
movements when compared with the normal children as they did not show significantly 
greater suppression during execution than during observation. Since the action to be executed 
involved the right hand, the left hemisphere (includes the left pre-motor cortex and 
supplementary motor cortex, as well as the left primary motor cortex) receives more 
activations than the right hemisphere due to contralateral innervations of the brain (Seikel, 
King & Drumright, 2010). The hMNS in children with ASD received smaller degree of 
activations than the normal children during execution of actions, and the smaller extent of 
suppression was prominent over the left hemisphere.  
The findings of the current study support the hypothesis that children with ASD may 
not have global hMNS impairment (Hamilton et al, 2007). They still possess certain degree of 
hMNS functioning as revealed by the significant suppression during observation and 
execution with reference to the baseline. Their hMNS functioning during observation of 
actions was rather intact. However, they may not necessarily have similar hMNS functioning 
as the typically developing peers as they demonstrated a weaker degree of functioning during 
execution of movements than the normal children. 
 
Comparisons Between Observation of Static Hand and Goal-Directed Hand Actions 
During static hand observation, the degree of mu and low beta suppression in the 
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second half of the trials (801 ms to 1600 ms from video onset) was smaller than that in the 
first half of the trials (0 ms to 800 ms from video onset) over the right primary motor cortex 
and the left primary motor cortex respectively. This indicated the occurrence of habituation 
effect over certain brain areas due to the long duration of a static action presented. This 
would lead to a smaller degree of suppression computed and may affect the validity of ERD 
as a measure of hMNS activities during static hand observation. Therefore, only the first half 
of the trials was used to calculate ERD during the watching static hand condition in the 
following comparisons.  
Both children with ASD and normal children demonstrated significant mu and low beta 
suppression during static hand and moving hand observation with reference to the baseline 
condition (watching visual white noise). However, both groups did not show significant 
differences in the degree of mu and low beta suppression during these two conditions over 
the primary motor cortex, pre-motor cortex and supplementary motor cortex (SMA). The two 
groups did not differ in the extent of mu and low beta suppression during observation of static 
and moving hands over all brain areas. 
As static hand observation does not involve the understanding of motion intentions 
whereas the observation of goal-directed actions involves the understanding of motor 
intentions. Therefore, the primary motor cortex, pre-motor cortex and SMA will be less 
activated during static hand observation than during observation of goal-directed hand actions 
since the latter condition involves the extra processing of the motor intentions behind the 
actions (Puzzo et al, 2010). Some researchers hypothesized that individuals with ASD may 
demonstrate impairments in understanding others‟ motor intentions due to the deficits in the 
chain-based mirror mechanism (Cattaneo et al., 2007; Fabbri-Destro et al., 2009). Children 
with ASD may fail to differentiate between the motions with motor intentions and those 
without motor intentions. Their pre-motor cortex and SMA may receive similar degree of 
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activations, as indicated by low beta ERD, during observation of static and goal-directed 
actions. Therefore, small degree of activations during observation of static hand than during 
observation of hand actions should be observed at least in the normal children. However, the 
absence of significant differences in the degree of activations in the mu and low beta band 
were consistently observed across the two groups over all brain areas.  
To explain this finding, the experimental procedure will be taken into consideration. 
The participants were asked to count the number of opening-and-closing-hand stimuli 
appearing on the screen during condition 1. During this condition, the static hand stimuli 
were also presented and the order of presentations was randomized. Both stimuli started with 
an opening hand appearing at the centre of the screen. When the participants were asked to 
count the number of opening-and-closing-hand actions, they may put extra focus onto this 
type of stimuli. They may associate the static hand stimuli with the opening-and-closing-hand 
actions once they saw an opening hand at the centre of the screen. In addition, only the first 
half of the trials was used to compute ERD during static hand observation due to the presence 
of habituation effect. The association effect may persist during the first 800ms of videos. 
Therefore, the motor representations of the opening-and-closing-hand actions may be 
activated and the motor intentions behind the actions were interpreted during static hand 
observation. This may cause a greater extent of hMNS activations during static hand 
observations and narrow the possible differences in the degree of activations during 
observation of static hand and goal-directed hand actions.  
Due to the possible and unexpected association effect between the static and 
goal-directed hand actions, the current study may fail to conclude whether children with ASD 
may demonstrate deficits in the chain-based mirror mechanism and impairments in 
understanding others‟ motor intentions.  
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Limitations of the Current Study  
Firstly, the current study only looked into the hMNS activities in the motor cortex. 
However, the hMNS also includes “the rostral part of the inferior parietal lobule (IPL)” 
(Iacoboni & Dapretto,2006, p.943). The findings of this study fail to accout for the 
functioning of the entire mechanism. The hMNS functioning in other systems remains 
unclear and requires further investigation. Secondly, the current study was limited by the 
small sample size. Due to the heterogeneous nature of ASD, the small sample size may fail to 
include all possible variations in the ASD population. Finally, the participants in this study 
comprised of males with IQ scores above 70 (except an individual with mild mental 
retardation in the ASD group), the generalization ability of the findings to the female 
population or lower-functioning individuals may be limited. 
 
Recommendations for Further Research 
Further and more extensive research on the functioning of hMNS in individuals with 
ASD is recommended. In addition to the aberrant functioning of the hMNS, Rippon, Brock, 
Brown and Boucher (2007) suggested that imitation deficits in ASD can be caused by 
disordered connectivity between brain regions. This may result in abnormal information 
integration from different cortical regions. Therefore, further research can be done to 
investigate the functional connectivity between cortical regions in individuals with ASD. In 
addition, further research can also examine the effect of the severity of ASD and intelligence 
on the hMNS mechanism.  
 
Conclusion 
In sum, children with ASD may not have a global hMNS dysfunction. They still 
possess a certain extent of hMNS functioning as indicated by the significant suppression 
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shown during observation and execution. During observation of actions, their hMNS also 
showed rather intact hMNS functioning. However, the hMNS in children with ASD may not 
operate in the same way as in the typically developing peers in all circumstances. Unlike the 
rather normal hMNS functioning during observation, their hMNS received a weaker extent of 
activations during execution of movements than that in the normal children. In addition, both 
children with ASD and typically developing children showed similar degree of suppression 
during observation of static and goal-directed actions. The notion that children with ASD may 
demonstrate deficits in the chain-based mirror mechanism and impairments in understanding 
others‟ motor intentions remains unclear.  
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